Extract of oven dried leaves of Pongamia pinnata (L) Pierre was used for the synthesis of silver nanoparticles. Stable and crystalline silver nanoparticles were formed by the treatment of aqueous solution of AgNO 3 (1mM) with dried leaf extract of Pongamia pinnata (L) Pierre. UV-visible spectroscopy studies were carried out to quantify the formation of silver nanoparticles. Transmission electron microscopy, X-ray diffraction and Fourier transform infrared spectroscopy were used to characterize the silver nanoparticles. TEM image divulges that silver nanoparticles are quite polydispersed, the size ranging from 20 nm to 50 nm with an average of 38 nm. Water soluble heterocyclic compounds such as flavones were mainly responsible for the reduction and stabilization of the nanoparticles. Silver nanoparticles were effective against Escherichia coli (ATCC 8739), Staphylococcus aureus (ATCC 6538p), Pseudomonas aeruginosa (ATCC 9027) and Klebsiella pneumoniae (clinical isolate). The move towards extracellular synthesis using dried biomass appears to be cost effective, eco-friendly to the conventional methods of nanoparticles synthesis.
DOI:10.5101/nml.v2i2.p106-113 http://www.nmletters.org to extract the silver nanoparticles [9] . Filamentous fungi on the other hand are capable of synthesizing the silver nanoparticles extracellularly but the downstream processing and the biomass handling make them difficult [10] [11] [12] .
The biomaterial as reducing agent is a viable alternative to the current physiochemical methods which utilize intense energy, hazardous chemicals and are expensive. Furthermore, metal nanocolloids produced by the physiochemical methods tend to aggregate with time and consequently cannot be stored for longer time. Amongst biomaterials, the phytosynthetic method is a viable alternative to prokaryotes and fungi since the downstream processing and the handling of the biomass is easier. Consequently the phytosynthetic method is preferred.
Bioreduction of gold and silver ions to yield metal nanoparticles using Geranium leaf broth [13] , Neem leaf broth [14] , lemongrass extract [15] , Tamarind leaf extract [16] , Aloe vera plant extracts [17] and Gliricidia sepium (Jacq.) Kunth ex Walp leaf broth [18] has been reported. The above methods have made use of the plant broth prepared by boiling finely chopped fresh leaves and some of them require addition of stabilizing agents or the use of ammonia [17] as accelerating agents. Moreover, the procedure involves continuous agitation of the broth after the addition of the salt solution.
In the present study the leaf broth prepared using dried leaf biomass of Pongamia pinnata (Linn) Pierre was used to synthesize silver nanoparticles from silver nitrate (AgNO 3 ).
Pongamia pinnata is rich in nitrogenase and secondary metabolites which are medicinally important. Comparative experiments were carried out to explore the effect of biomass dosage on the reduction of the silver ions and uniformity of the synthesized nanoparticles. The efficacy of the synthesized nanoparticle against bacterial strains was also studied.
Experiments Preparation of dried biomass
The twigs containing mature leaves of Pongamia pinnata (L.) Pierre were collected from University of Mumbai campus.
The mature, undamaged and disease free leaves were selected and washed thoroughly with water using Teepol and later the surface was sterilized with 0.1% HgCl 2 for 23 minutes under laminar air flow. The washed leaves were kept in the oven at 40º C overnight for drying. The biomass used for the reduction was prepared by grinding the dried leaves followed by sieving the leaf powder using 15 mesh size sieves.
Synthesis of silver nanoparticles
In typical synthesis process, accurately weighed dried leaf biomass of Pongamia (0.1 g, 0.5 g, and 1 g) was added to the sterile 50 mL 1mM aqueous AgNO 3 
[Merck] solution in
Dippy's jar of 250 mL under aseptic conditions. The jars were then incubated at room temperature under static condition.
UV-Vis Spectrum analysis
The bioreduction of silver ions was monitored by UV Visible absorption measurements at room temperature as function of time using Shimadzu UV 1700 spectrometer. The reduction of silver ions was confirmed by qualitative testing of supernatant (obtained after centrifugation) with NaCl, no precipitation was observed. 1 mM AgNO 3 solution was used for base line correction.
X-ray Diffraction (XRD) Measurements
The completely bioreduced sample was concentrated in concentrator (Eppendorf) at 60º C to reduce the volume of the 
Transmission Electron Microscopy (TEM) Measurements
The sample purified as stated in XRD measurement section was sonicated (Vibronics VS 80) for 5 minutes. A drop of the sonicated solution was placed on carbon coated copper grid and later exposed to infrared light (30 minutes) for solvent evaporation. TEM measurements were performed on PHILIPS model CM 200 instrument operated at an accelerating voltage of 200 kV with resolution of 0.23 nm.
Fourier Transform Infrared (FTIR) Spectroscopy

Measurements
The FTIR measurements were carried out for both the dried biomass of Pongamia pinnata leaves and washed silver nanoparticle solution, free from any biomass residue or compound except the capping ligand using Perkin Elmer (Spectrum One) spectrophotometer.
Antibacterial Studies
The antibacterial activity of silver nanoparticles was studied against Staphylococcus aureus (ATCC 6538P), 
Results and Discussion
Development of easy, reliable and eco-friendly methods helps in endorsing extra interest in the synthesis and application of nanoparticles which are good for mankind [1] . In this context the utilization of biological systems for nanoparticle synthesis is notable alternative for the advancement of multifaceted approach. Biological systems have shown the ability to interact with metal ions and reduce them to form metallic nanoparticles [20] [21] .
UV -Visible studies
The relationship between the UV-visible radiation absorbance characteristics and the absorbate's size and shape is well established [13] [14] [15] [16] [17] [18] . The intensity of the absorbance increased as the reaction proceeded. Silver nanoparticles display intense yellowish brown colour in water. This intense colour arises from the surface plasmons, which are dipole oscillation arising when an electromagnetic field in the visible range is coupled to the collective oscillations of conduction electrons [13] .
It is well known that the metal nanoparticles in size ranging from 2 to 100 nm exhibit strong but broad surface plasmon peak. Minima at ~320 nm observed in all the reaction mixtures correspond to the wavelength at which the real and imaginary parts of the dielectric function of silver almost vanish [17] . With the increase in the particle size, the optical absorption spectra of metal nanoparticles that are dominated by surface plasmon resonances (SPR) shift towards longer wavelengths. The position of absorption band also strongly depends upon dielectric constant of the medium and surface-adsorbed species [22] . As indicated by Mie's theory, spherical nanoparticles give rise to a single SPR band in the absorption spectra, whereas anisotropic particles confer two or more SPR bands depending on the shape of the particles [23] . In The present study reports the use of oven dried leaf biomass, which is free from external stabilizing and accelerating agents and does not require continuous agitation.
The reduction of the silver ions is moderately rapid at the ambient conditions. This is novel and intriguing to the material science as the studied leaf biomass has the capability to reduce metal ions at ambient conditions. Furthermore the biomass handling and processing is less stringent since it does not require boiling or subsequent treatment. Instead of sun drying the leaf biomass was oven dried at 40º C to avoid the possible contamination due to particulate matter. Also the sun drying process is time consuming and has geographical constraints.
TEM Analysis
TEM images which constitute large number of uniform nanoparticles revealed that the Ag nanoparticles produced by reduction of Ag + ions with 0.1 g, biomass are predominantly spherical (see Fig. 3 (a-c)). At low magnification (see Fig. ( rather than a dense closely packed assembly [13] . The figure also reveals that nanoparticles are not in physical contact but are evenly separated. The images also clearly show an approximate 5 nm thickness coating around the nanoparticles which can be assigned to bioorganic compounds present in the leaf broth [13] . This is evident by number of sharp Braggs reflection observed in the XRD spectra.
XRD studies
The XRD-spectrum of purified sample of silver nanoparticles synthesized using 0.1 g dried leaf biomass and 1mM AgNO 3 (see Fig. (4) is possibly due to crystalline nature of the capping agent [10, 13] .
FTIR studies
The precise mechanism of the bioreduction is not fully understood. Mukherjee and co-workers [10] Representative spectra (see Fig. (5b) ) manifest major IR bands at ∼1651, 2083, 3418 cm -1 , while the minor bands at ∼1079
and ∼1538 cm -1 . The FTIR spectra of dried biomass (see Fig. (5a)) show bands at ∼1069, ∼1240, ∼1314, ∼1390, ∼1447, ∼ 1515, ∼1561, ∼1620, ∼1653, ∼1734, ∼2852, ∼2920, ∼3306, ∼3441 and ∼3656 cm -1 .
The band around ∼1069 cm -1 can be assigned to the ether linkages or -C-O- [14, 25] , whereas, the band around ∼1314
cm -1 and 1390 cm -1 can be assigned to geminal methyls [14] (see Fig. (5a) ). To a large extent, the band at ∼1069 cm -1 might be contributed by the -C-O-groups of the polyols such as flavones, terpenoids and the polysaccharides present in the biomass [25] . The absorbance band centered at ∼1620 and ∼ 1653 cm -1 (5a) is associated with the stretching vibration of -C=C-or aromatic groups [14, 25] . The band around ∼1734 can be assigned to C=O stretching vibrations of the carbonyl functional group in ketones, aldehydes, and carboxylic acids [13, 17, 25] . Besides, the spectrum (5a) also exhibits two intense bands at ∼2852 and 2920 cm -1 , respectively assigned to the symmetric and asymmetric stretching vibration of sp3 hybridized -CH 2 groups that are not observed in the spectrum (5b) of isolated silver nanoparticles, suggesting that -CH 2 groups are probably absent in solution [10] .
The band at Furthermore, an interfacial interaction of these biomolecules with core particles is the matter of investigation. Sastry and co-workers [16] have reported that the species having dipole moment such as acetone binds strongly and reversibly to the gold nanoparticles in vapor phase. This supports the strong binding of -C=O functionality from medium, to the core particles. A broad intense band at ∼3400 cm −1 in both the spectra can be assigned to the N-H stretching frequency arising from the peptide linkages present in the proteins of the extract [10] . The shoulders around the band can be identified as the overtone of the amide-II band and the stretching frequency of the O-H band, possibly arising from the carbohydrates and/or proteins present in the sample. The flattening of the shoulders in Fig. (5b) indicates decrease in the concentration of the peptide linkages in the solution [10] . The spectra (see Fig. (5b) ) also exhibit broad asymmetric band at ∼2100 cm −1 that can be assigned to the N-H stretching band in the free amino groups of silver nanoparticles. In the polyol synthesis, gold nanoparticles are extensively studied for, and both oxygen and nitrogen atoms of pyrrolidone unit can facilitate the adsorption of PVP on to the surface of metal nanostructures to fulfill the protection of nanoparticles [28] . Likewise, the oxygen atoms herein might facilitate the adsorption of the heterocyclic components on to the particle surface in stabilizing the nanoparticles. It is also evident from the differences in the peak for dried powder and silver nanoparticles that the flavones are responsible for the bioreduction. Flavones could be adsorbed on the surface of the metal nanoparticles, possibly by interaction through π-electrons of carbonyl groups in the absence of other strong ligating agents in sufficient concentrations [14] . On comparing Fig. (5a) and (5b) it can be outlined that the disappearance of the band around 1069 cm −1 shows that the polyols are mainly responsible for the reduction of silver ions.
Antibacterial Studies
Antibacterial activity of biogenic silver nanoparticles was evaluated by using standard zone of inhibition (ZOI) microbiology assay. The nanoparticles showed inhibition zone against all the studied bacteria (see Table ( 1)), (see Fig. (6) ).
Maximum zone of inhibition was found to be 12 mm for
Staphylococcus aureus ATCC 6538P and Klebsiella pneumoniae (Clinical isolate) and minimum of 8 mm for E.
coli.
Silver nitrate which is readily soluble in water has been exploited as an antiseptic agent for many decades [29] . Dilute solution of silver nitrate has been used since the 19th century to treat infections and burns [30] . The exact mechanism of the antibacterial effect of silver ions is partially understood.
Literature survey reveals that the positive charge on the Ag ion is crucial for its antimicrobial activity. The antibacterial activity is probably derived, through the electrostatic attraction between negative charged cell membrane of microorganism and positive charged nanoparticles [31] [32] [33] . However, Sondi and
Salopek-Sondi [34] reported that the antimicrobial activity of silver nanoparticles on Gram-negative bacteria was dependent on the concentration of Ag nanoparticles and was closely associated with the formation of pits in the cell wall of bacteria.
Accumulation of the Ag nanoparticles in the pits results in the permeability of the cell membrane, causing cell death. Similarly, Amro et al [35] suggested that depletion of the silver metal from the outer membrane may cause progressive release of lipopolysaccharide molecules and membrane proteins. This results in the formation of irregularly shaped pits and hence increases the membrane permeability. Similar mechanism has been reported to be operative by Sondi and Salopek-Sondi [34] in the membrane structure of E. coli during treatment with Ag nanoparticles. Recently, Kim and co-workers [36] have reported that the silver nanoparticles generate free radicals that are responsible for damaging the membrane. They also speculated that the free radicals are developed from the surface of the silver nanoparticles. Lee et al [37] investigated the antibacterial effect of nanosized silver colloidal solution against S. aureus and K. pneumoniae after padding the solution on textile fabrics.
Shrivastava et al [38] studied antibacterial activity against E. coli (ampicillin resistant), E. coli, S. aureus, and S. typhi (multi-drug resistant). They reported that the effect was dose dependent and was more pronounced against gram-negative organisms than gram-positive ones. They found that the major mechanism through which silver nanoparticles manifest antibacterial properties was either by anchoring or penetrating the bacterial cell wall, and modulating cellular signaling by dephosphorylating putative key peptide substrates on tyrosine residues [38] . Similarly, Chun-Nam and coworkers [39] reported that the silver nanoparticles target the bacterial membrane, leading to a dissipation of the proton motive force resulting in the collapse of the membrane potential. They also proposed that the silver nanoparticles mediated antibacterial effects in a much more efficient physiochemical manner than Ag + ions. The antibacterial efficacy of the biogenic silver nanoparticles reported in the present study may be ascribed to the mechanism described above but it still remains to clarify the exact effect of the nanoparticles on important cellular metabolism like DNA, RNA and protein synthesis.
Conclusion
The method represents an example of clean, nontoxic and ecofriendly method for obtaining silver nanoparticles. The 
